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Chapter 5 
5 Analysis and Discussion of Results 
Many experiments were conducted by means of the Matlab application DocImage and 

those results can be closely analyzed in order to better understand the performance of 

each technique.  

5.1 Thresholding based image enhancement 
Thresholding is one of the commonly used techniques in historical document image 

analysis as it provides binarized results within a short period of time. We can make the 

following observations by analyzing the results in table 4.1. 

1. Impact of Pre-processing 

Pre-processing techniques such as Contrast stretching and Intensity 

transformation made a significant improvement in the threshold image. But on the 

other hand, Decorrelation stretching and Histogram equalization didn’t make 

much improvement to the final output. 

2. Case dependency of Global and Adaptive thresholding 

There are occasions when global thresholding produces a better result than that of 

adaptive thresholding and the opposite is true for certain other occasions. For 

example when ink-bleed-through is present, adaptive thresholding makes 

interfering background text also to appear in the binarized output, while global 

thresholding does not. When the illumination is not even, adaptive thresholding 

gives better results than global thresholding. 

3. Efficiency of algorithm 

Time taken for binarization of images is comparatively low and this makes 

thresholding techniques quite viable for a real-time application.  

We have used Niblack’s adaptive thresholding algorithm as it shows better performance 

than certain other algorithms such as Sauvola’s algorithm [1]. The performance of 

Adaptive thresholding technique heavily depends on the case on which we apply it and 
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we can make a significant improvement if we apply an appropriate pre-processing 

technique. 

5.2 Image Registration based techniques 
We have used Murtagh’s point pattern matching technique for image registration as it has 

many strengths as described in chapter 3. The results obtained particularly reveal the 

following facts. 

1. It was possible to match objects with different intensities and even when they are 

shifted. 

2. After matching, there may be damaged characters those require a separate 

recovery process. 

3. The time taken for matching alone is very high and the other post processing 

actions such as edge detection, mapping with the original image will also 

consumes considerable time. This makes point pattern matching based image 

registration technique difficult to apply in a real-time environment, when it has to 

deal with very large images. 

5.2.1 Drawbacks of Image Registration based Non-Blind approaches 
By considering the above observations and typical practical circumstances, we can 

deduce some drawbacks of image registration based approaches in general. 

a.) The necessity of both images of the double sided documents 

It is obvious that this approach needs two images, one from the front side and the 

other from the verso side of the double sided document. But when the images are 

available as a batch, it is a tedious task to find the exact image pair, if the proper 

image naming and ordering was not maintained during the image capture.  

b.) The images might be of different scale or different resolution 

During the image capturing process, it is not guaranteed that the same resolution 

or same zoom factor were maintained. This leads to get images of different sizes 

and requires image transformation before the image registration. This obviously is 

an additional overhead to the algorithm. 
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c.) The captured images can be rotated, shifted or the original document can be 

warped 

These too are practical issues which require image translation or image rotation, 

which in turn will be an overhead to the original algorithm. If the document was 

warped during the image capture, there could be loss of data and which prevents 

image registration in the warped area.  

d.) The need of a recovery process 

After image registration and interfering pixel removal, there maybe side effects 

such as damaged foreground scripts, which in turn result in the need of an 

additional recovery process. This would be an overhead to the image 

enhancement process as a whole. 

e.) The algorithms are fairly time consuming 

Since images have to undergo some pre-processing technique like image 

transformation, image translation, image rotation or resizing, those will consume 

time and the image registration it self is a time consuming task. The real text 

extraction has to happen next and those algorithms too consume considerable time 

based on the image size and the level of degradation. After the application of 

main algorithm, there may be damaged foreground scripts and it is necessary to 

implement a post processing technique to recover them. These accumulated 

overheads thwart the possible application of image registration based technique in 

a real-time environment.  

5.3 Single image used ‘blind’ approaches 
Among many single image based ‘blind’ approaches, we have implemented few 

promising algorithms and shown the obtained results in the previous chapter. We can 

analyze the results in order to check their applicability on various historical document 

images.  

5.3.1 Principle Component Analysis (PCA) 
We have conducted PCA in many color spaces using the same reference image and 

results were contained in table 4.4.  By analyzing the results we can derive some findings. 
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1. PCA was able to highlight the text content while diminishing the rest of irrelevant 

data in 1st principle component.  

2. There is a slight impact on used color space and once an intensity based color 

channel is used, it has produced better results. For example it has given high 

contrast output in Lab color space while it hasn’t in CMYK color space as shown 

in figure 5.1. 

    
(a) in Lab color space with L,a channels  (b) in CMYK with C,K channels 

Figure 5.1 - Outputs of PCA in Lab and CMYK color spaces 
 

3. The obtained result still contain some part of interfering background and by 

applying global thresholding we can get a binarized output as shown below. 

 

   
 (a)     (b)    (c) 

Figure 5.2 - Thresholding applied on PCA output 

(a) PCA result in CMYK   (b) Global thresholding applied to original image   

(c) Global thresholding applied to PCA output 

 

4. Since PCA is capable of highlighting the dominant text data while diminishing the 

other data, the use of pre-processing has very little impact as shown in figure 5.3. 
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(a) PCA output without pre-processing (b) In Lab color space with all channels 

Figure 5.3 - Impact of pre-processing on PCA 

5.3.2 k-Means Clustering 
k-Means clustering is one of the promising ‘blind’ approach for document image 

enhancement as the results are quite satisfactory. By analyzing results in table 4.6, we can 

deduce some important facts for k-means clustering performance. 

1. Impact of number of clusters (i.e. k value) 

By increasing the number of clusters (i.e. k value), there is a high possibility of 

getting a cluster with less interfering background as shown in figure 5.4. 

    
   k=2     k=3 

    
   k=4     k=5 

Figure 5.4 - Impact of number of clusters (k value) 
 
But certain limitations apply here. 

• We can see that, as k value increases, it tends to remove the front side pixels and 

hence we need to select a moderate k value like 3.  

• k-means algorithm fails to converge for larger k values (for example algorithm 

fails for k=8 for above example) and this acts as an obvious limitation. 
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2. Impact of color space 

Below figure shows the results obtained in different color spaces for k=3. It can be 

noticed that once we use complete set of color channels, there is no significant 

difference in the output. 

 

     
(a) In RGB with all R,G,B channels  (b) In Lab with L,a,b channels 

\      

(c) In CMYK with C,M,Y,K channels (d)In HSI with H,S,I (thresholded image) 

Figure 5.5 - Impact of Color space on k-Means clustering 
 

3. Performance of Clustering algorithm for k and image size 

We observed that as we increase k value, it takes increasingly longer time to 

produce results and this happens once we increase the image size as well.  

5.3.3 Combined approaches 
We can use PCA output as the input for clustering and it is observed that it helps to 

produce better results even for lesser k value. 

Direct Clustering Clustering implemented on PCA output 
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Table 5.1 - Impact of PCA on clustering (k=2) 

 

5.3.4 Color Image Segmentation 
Color segmentation has produced very good results as seen in table 4.9. While 

conducting research on this method, we have observed the following pros and cons in this 

approach. 

1. This method produces results in a very short time and hence can be easily adopted 

in real-time environment. 

2. It is necessary to provide mean values for R,G,B channels of scripts and hence this 

facility has to be made available in the application. 

3. The output has an impact on selected threshold (tolerance) value as seen in figure 

5.6, and this too has to be made available in the application for the user to select. 

       
(a)Original    (b)Tolerance=30 

        
(c)Tolerance=60    (d)Tolerance=90 

Figure 5.6 - Impact on Tolerance value on RGB segmentation (in color) 

(all outputs were taken at selected mean values for R=59, G=46 and B=27) 
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4. We can observe that the best output (c) occurs once we select the tolerance value 

closer to the maximum of the scripts means. 

Topt = max(Rmean, Gmean, Bmean) 

5.3.5 Color Reduction 
According to the results taken by color reduction (table 4.10) it can be seen that this 

method alone is not capable of providing an interference free output. Further it reduces 

the quality of the output image and hence thwarts the possibility of post processing 

opportunities as well. 

5.4 Impact of Pre-processing 
Some traditional image enhancement techniques like contrast stretching and intensity 

transformation has made a significant improvement on the final outcome, once they have 

been applied before the major text enhancement process. But certain other techniques like 

histogram equalization, adaptive histogram equalization and decorrelation stretching did 

not positively contribute for historical document image enhancement. This happens 

because the historical document images are mostly with low contrast and contains a dark 

background. The color bands are nearly overlapped as shown in figure 5.7 (b), resulting 

in a nearly indexed image. 

   
(a) Original RGB Image            (b) Color histogram showing R,G,B channels 

  
 (c) Gray scale image   (d) Histogram of gray scale image 
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 (e) Contrast stretched image  (f) Histogram of contrast stretched image 

  
 (g) Histogram equalized image (h) Histogram of equalized image 

Figure 5.7 – Impact of Pre-processing on Historical Document Images (in color) 
 
 
Once contrast stretching has applied, it causes to improve the color distribution as seen in 

figure 5.7 (f) resulting in a good input image for main text extraction process. On the 

other hand, application of histogram equalization has degraded the document further as 

seen in figure 5.7 (g).  

 

The major document image enhancement techniques like k-means clustering and RGB 

segmentation are very much immune to noise. Hence application of spatial and frequency 

domain filters are not necessary and would become an overhead if applied in an 

automated real-time environment. 

5.5 Advantages of a flexible approach 
As discussed in the previous topics, the results are heavily case dependant. Due to this, a 

solution with just one or two techniques can not be accepted as a global solution to 

handle all the variety of historical document images available with the Department of 

National Archives.  

The solution we developed in Matlab as a standalone application not only helps us to 

analyze the problem in detail but also gives us an understanding of the strengths of a 

flexible approach. 
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1. Availability of both Global thresholding and Adaptive thresholding techniques 

help to cater many different cases of document images. It can be used as the main 

technique or as the post processing technique conducted after the application of 

another technique. It basically helps to generate the binarized output when users 

are in need of a monochrome printed result. 

2. Pre-processing techniques such as contrast stretching, intensity transformation etc. 

helps to enhance the final output and hence justifies its presence in the solution. 

3. Color image segmentation has produced very good results once we are able to 

supply the mean R,G,B values and the tolerance value. A user friendly way of 

finding and setting these parameters helps to produce results particularly in a very 

short time. 

4. Principle Component Analysis has helped to produce a noise free input, 

particularly for another enhancement strategy like k-means clustering. This 

therefore can even be considered as a successful pre-processing technique and its 

unsupervised generation of principle components helps immensely in an 

automated solution. 

5. k-Means clustering has produced very good results and this is another very 

promising technique to be available. Since it consumes a considerable time for 

processing, it is most appropriate for small images or for a portion of an image. Its 

unsupervised results generation confirms its potential in an automated 

environment. 

Below screen shot shows the generated Matlab application DocImage, with a loaded 

sample document image. 
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Figure 5.8 - Matlab Application ‘DocImage’ 


